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rounding mountains, entering the crystal body a t  the bottom and 
flowing through the valley beneath an impervious clay layer. 

The raw material in this case is the brine, and the mining cost 
is that of pumping. The separation of the various salts is 
greatly simplified by the differences in their relative solubilities. 
Potassium chloride and borax are much more soluble in hot 
water than in cold, while the solubilities of the other salts do 
not vary greatly with the temperature of the solution. 

The question is often raised as to the total tonnage of potash 
in Searles Lake. It is not difficult to calculate with a greater 
degree of accuracy than would be possible in most mineral de- 
posits. The following facts are known. 

The deposit covers 2 j sq. mi. 
The average depth is 75 f t .  
The volume occupied by crystals is 60 per cent. 
The volume occupied by brine is 40 per cent. 
The weight of I gal. is 10.738 lbs. 
The average analysis of the brine shows a potash content of 

4 36 per cent. 
la It seems perfectly safe and conservative to  say that Searles 
Lake in the brine alone contains 30,000,000 tons of potassium 
chloride, calculated as IOO per cent pure 

The first company to  produce potash from Searles Lake brine 
was the American Trona Corporation. Their operations have 
proven to be profitable and they will undoubtedly be able to  
compete with Germany after the war. 

has not. progressed nearly so far in the process of desiccation as 
Searles Lake. It has, however, for some time been looked upon 
as a possible source of potash. In  fact, the Diamond Match 
Company has had a plant in operation there for the past z or 3 
years, and has recently doubled its output. The Virginia-Caro- 
lina Chemical Company, in cooperation with the Inland Crystal 
Salt Company of Salt Lake City, have also built a plant. How- 
ever the composition of the waters of the lake is such that a very 
large amount of evaporation is necessary before the bitter liquors 
are susciently saturated with potash to make them workable. 
The primary evaporation is effected in open air, clay-lined ponds, 
during which considerable quantities of sodium chloride are 
thrown out. The bitter liquor remaining is then worked up for 
the separation of potash, which is effected by evaporation, heat- 
ing, and cooling, and depends upon the varying relative solu- 
bilities of the different salts. The principal difficulty encoun- 
tered is to  bring about a satisfactory separation of magnesium 
chloride. The total output from Great Salt Lake is so small 
that it is unlikely to become an important factor in the market. 

ch are possible sources of potash, among 
and Summer lakes. But these all require 
of evaporation and contain contaminating 
cter that up to  date nothing has been done 

GREAT SALT LAKE-This is still a body Of water or brine and 

OTHER AMERICAN LAKES-There are a number Of lakes in the 

commercially for the production of potash from them. 
PINTADOS DEPOSIT IN CHILE-About 60 miles from the Coast 

and directly on the railroad in northern Chile is a deposit which, 
while it cannot be co 
and contains several 
ash in the form of a 
aging about 18 in. d ands of acres. 
The average analysi 
potash upon leaching and crystallization can be recovered as 
the muriate, or, if mixed with the raw material from which 
sodium nitrate is made and which immediately joins this. de- 
posit, can be recovered as the nitrate. 

While this deposit is not in the United States, it  is 1000 miles 
nearer to New York by water than California and is located where 
labor and other conditions are so favorable as to offset the high 
price of fuel. The climate is better than a t  some points in our 
western deserts and the country has a stable government. 

Revolutions are unknown and there has been less change in their 
constitution and general governmental methods during the past 
century than in the United States, England, France, or any other 
large-country . 

ALUNITE: 

Many centuries ago alunite was mined in Smyrna and for 
about 400 years in Italy and was used for the production of pot- 
ash alum. When the search for potash began in this country 
it was felt that B deposit of alunite might be found and that it 
might be used as a source of potash rather than potash alum. 
About this time such a deposit was discovered in Southern Utah, 
a few miles from Marysvale. Later it seemed that it would 
be necessary to discover some means of refining the alumina 
before potash could be produced in competition with Germany. 
However, early in i915, when the price of potash had risen to 
what seemed impossible figures, Mr. Howard F. Chappell and 
his associates, of the Mineral Products Corporation, decided to 
build a plant, and this has been in continuous and successful 
operation for 3 years, except for two shut-downs of I or z months 
each, caused by fires. They are now producing and shipping 
about 600 tons of sulfate per month, and the product is consider- 
ably better than go per cent pure. 

Several formulas are given by various authorities to indicate 
the chemical conlposition of alunite as a double sulfate of potas- 
sium and aluminum, of which the following are representative: 
K z S O ~ , ~ ( A ~ Z O ~ S O ~ ) , ~ H ~ O ;  (K,Na),(A120H)*,(SO*)z; K(AlOHh, 
(SOah,3HzO. 

The first of the above formulas appears to be more nearly cor- 
rect, i. e., for the alunite now being worked at the town of Alu- 
nite near Marysvale. Several methods have been proposed for 
the treatment of an ore of this character for the production of 
potash, but probably the simplest one is that employed in this 
plant where the ore is calcined a t  approximately 1000' C. This 
drives off water of crystallization and sulfuric acid, leaving 
water-soluble potassium sulfate and alumina. Upon leaching 
and evaporation of the resulting solution, potash is recovered as 
sulfate with a very small percentage of soda and some infinitely 
fine alpmina which has passed through the filter cloths. 

The alunite from the Mineral Products Corporation's mine is 
of a distinctly crystalline nature and from 96 to  97 per cent 
pure alunite. There are other large deposits nearby but they 
are more nearly amorphous in appearance and carry more silica 
which seems to interfere with the calcination and also with the 
subsequent refining of the alumina. 

The alumina residue, containing any silica present in the ore, 
is now discarded; but it is planned later to refine and use it. 
It has been discovered that the silica content may be reduced 
to  less than one-half of one per cent by calcination with pro- 
ducer gas instead of pulverized coal and separation of the alu- 
mina from the silica by flotation. The average silica content of 
the ore used by Mr. Chappell's company is 3'/2 per cent. The 
loss on ignition is approximately 40 per cent and the raw ore 
contains an average of approximately I O  per cent of KzO, or 
18l/2 per cent of KzS04. The plant is operated profitably, and 
by reason of improvements and refinements which have grad- 
ually been developed, will, it  is believed, be able to compete 
with Germany after the war. 

POTASH FROM SEARLES LAKE 
By ALFRED DS ROPP, JR.. of the American Trona Corporation 

Searles Lake Basin' is a broad, roughly circular valley or de- 
pression 8 to IO miles from east to west and 20 to  z j miles from 
north to south, bordered by the abruptly rising slope of the sur- 

1 For the topographical description of the Searles Lake Basin and its 
porous salt bed, we are indebted t o  Bull. 580-L, written by Hoyt S. Gale 
of the United States Geological Survey. .His description of Searles Lake 
and the surrounding country is the clearest and most comprehensive of any 
that have come to  our notice. 



nm. I 
Map of Owens, Seurles, Paoxmint and Death Valley Basins 

rounding raiiges. This Basin lies between the Argus Range on 
the west and northwest, and the Slate Range on the east, the 
latter a narrow, rocky wall, which divides it from the larger and 
deeper depression of the Panamint Vail~y. 

The Searles Lake Basin was, during a part of the glacial epoch, 
occupied by a t  least oiie deep lake, whose traces are still so dis- 
tinct as to be indisputable. 

While the waters stood a t  their highest position, the Searles 
Basin was flooded to a depth of 635 to 640 ft. above the level 
of the present valley bottom, and the lake extended back through 
the Salt Wells Valley to join with a broad, shallow lake that 
flooded the greater part of the Indian %'ells Valley. 

With the lowering of the watpr level less than 75 It., the di- 
vide in the volcanic peaks between Indian Wells Valley and Salt 
Wells Valley became an actual division betwcen t\ro distinct 
water bodies, and for a time here also there was a period of over- 
flow from Indian Wells Valley to the lower waters in the Searles 
Basin, in the same was that Owens Valley overflowetl and 
spilled its waters into Indian Wells Lake. These are facts 
attested to by the records of the ancient shore liner and water 
channels. 

The determined elevation of .the lowest part of the present 
salt flat in the main Searles Basin is rhr7.G f t  above sea levcl. 

Cross Section of Owens, Searlcr, Pnnsmint and Death Valley Basins 
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FIG. 4 
Pump House Showing Transformer House and Manifolds 

The Owens Lake, during a period of former greater water 
supply, overflowed the divide at the south end of it; basin and 
its surplus waters flooded in turn a succession of lower basins, 
of which the Searles Basin was one of the largest. 

The Owens waters, after passing the Haiwee Divide, dropped 
some 1500 f t .  in about 30 miles to Indian Wells Valley, and then 
spread out in a broad and relatively shallow sheet of water. 
This, in turn, also overflowed, its waters passing by way of Salt 
Wells Valley and a rock-cut gorge at  the lower end of that val- 
ley into the Searles Basin. 

Eventually, the waters rose in the Searles Basin to  such a 
height that all three of these valleys were submerged in one 
continuous body of water. The maximum water level in this 

FIG. 5 
General View of Pipe Line between Pump House and Plant 

basin was clearly determined by the elevation of an outlet pass 
on the south side of the basin, whence its surplus waters flowed 
into the extreme south end of Panamint Valley. 

In  the Panamint Basin a history similar in some respects to 
that of the Searles Basin was repeated: the waters rose until 
the height of the lowest outlet was reached, and as they evidently 
remained stationary a t  about that level for a relatively long 
period, i t  is presumed that this level was determined by the 
overtlow of its surplus waters. 

The most distinctive feature of this desert basin is the im- 
mense sheet of solidwhite salts that lie exposed on its bottom. 
It is to this salt deposit that the name Searles Lake has been 
generally applied. So far as known a t  present, the deposit is 
unique in this country in the variety of its saline minerals. 

Fig. 3 shows two cross sections of the crystal body. These 
were plotted from data obtained from the numerous wells which 
were drilled by the California Trona Company to comply with 

the assessment work necessary to hold its claims. Some 300 
wells were thus drilled. 

As may be seen, the crystal body underlies the surrounding 
mud flats found along the’ shore of Searles Lake. 

The area of salt crust in the Searles Basin is some 12 sy. mi. 
in extent, and averages from 65 to  75 f t .  in depth. The forma- 
tion of the crystal body is such that the brine with which it is 
associated is absolutely free-flowing, and nowhere, even by 
extended pumping operations, have we been able to lower the 
level of the brine in the lake a t  any one spot to a noticeable 
extent. 

The main or central salt deposit is a firm but extremely por- 
ous bed of salt crystals, so hard and compact that roads are built 
on the same; teams and motor trucks have no difficulty in driv- 
ing over its surface; and even the concrete foundations of the 
American Trona Corporation’s pump house were laid on the 
surface of the crystal body. The road built out to the pump 

FIG. 6 
View of plant from west showing from left t o  right. 2 Brine Storage Tdnks of 500 000 gals each. 1 Spray Pond. 1 Boiler House with 8 Babcock 

2 Evaporatpr Houses for housing two triple- 
4 Waste Salt Cones which at present are being replaced by 

1 Crystallizing House, 180 ft wide 
It  is in this building thdt the new process for recovering potash from the concentrated pan liquors, as well as the new borax refinery, 

and Wilcox Boilers of 500 h.  p each 
effect 22 It. in diameter and two double-tffect 16 ft. in diameter Manistee vacuum pins 
Don Classifiers for washing the tailing s i l ts  and recov-ring some 10 to 15 tons of potash which W P S  formerly lost. 
and 800 ft long. 
Will be located. 

2 Concrete Stacks, 150 It. high and 9 ft in diameter in the clear 
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house is some 3 ‘/a mi. long. Between 19,000 and 20,000 f t .  
of Io-in. iron pipe connects the pumps with two storage tanks 
of 500,ooo gal. capacity each. 

The pipe line is laid on concrete piers; it  is insulated against 
changes in temperature by a z-in. layer of hair felt and a I-in. 
layer of wool felt, the insulation being protected against the 
elements by a thin sheet of black iron, which is fastened by 
narrow iron straps. 

A Triple-Effect Unit of Manistee Vacuum Pans 

FIG. 8 
Upper Flue Sheet of a 22 f t .  Manistee Vacuum Pan 

The first 15 to 20 feet of the crystal body is composed of 
cubical halite and will analyze 90 per cent (or better) NaCl on 
a dry basis. Below this are alternating and irregular layers of 
salts, respectively high in Trona (a sesquicarbonate of soda), 
sodium chloride, and sodium sulfate. The potash content of 
these layers is very irregular, layers of potash-bearing crystals 
having been discovered by various drilling operations which ran 
from 14 to 30 plus per cent potassium chloride. The average 
potash content of the crystal body is, roughly, 4 per cent potas- 
sium chloride. 
In a report made to  the American Trona Corporation by 

Charles S. Lee i t  is estimated that the crystal body contains 
I 10,000 “million gallons,” or 594,000,ooo tons of brine. This 
does not include any incoming waters from either underground 
or surface sources. This brine will average 4 per cent potas- 

Fxo. 10 
.I?IQ. 9 Pumps for transferring partially concentrated pan liquors from 

one evaporator to  another. In the  background may be seen the Pelton- 
Doble water-wheel-driven pump wrth its set of connections for filling and 
draining the vacuum Pans It has a capacity of 6000 gal. Per min. Thr: 
suction and discharge openings are 16 in. in diameter. 

Evaporator leg pipe and tailings elevator. These tailing salt 
elevators handle, roughly, 350 tons oi waste salts per 24 hrs. These 
salts are dropped by gravity into waste salt cones from which they are 
Bushed with brackish water back on to the lake. 
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the plant from wells drilled in the  
The pumping equipment consists 

ps capable of delivering 750,000 gal. 
The 

ected by short manifolds to the 6 wells drilled 

use, and a raised road on which is operated 

any's storage tanks per 24 hrs. 

ine locomotive and dump cars, are built 
e of the crystal body. The brine is pumped 
from them directly to the evaporators. It 
a 16-ft. Manistee vacuum pan, which is 

From this it is pumped to three 
These 

The calandria 
comprised in the first section above the working 
30 f t .  above the ground floor of the building. 

pre-heater. 
ype, which are operated in triple effect. 

t. high and are 2 2  f t .  in diameter. 

FIG. 11 

tion has the following composition: 

So4. ................................... 
B ....................................... 

NaCI .................. ....... 16.50 

NatCOa ................................ 4.70 

KC1 ................ 
Specific gravity. ...... 

contains some bicarbonate. 

FIG. 13 
This shows a triple-effect unit 

of 2 vacuum pans as they appear when completed They 
are 2 in corrugated air-cell asbestos On top of this is 

r of evaporator house. 

FIG. 12 
Rotary jet condenser used on high-vacuum pan show 

B 
or removing cooling and condensed waters in the background 

gears and 500 h. p. Terry steam turbine for driving same. 

laster about 1 in. thick, and on top of this is a cover- 

ance may be seen a part of the 16 f t  single-effect pan 
-heater for the raw brine fed t o  No 3 pan. 

d (see Fig. 7)  from left to  right, 3, 2, and 
temperature, high-vacuum pan and i t  is 
brine, after the pre-heating in the single- 

specific gravity of I .385 to  I .3go, are 
stallizing house. Exhaust steam from 
ed to No. I vacuum pan from a mixing 
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“ To the left of No. 3 pan is shown a rotary jet condenser. This 
Gmp,  operated by a 500 h. p. Terry steam turbine, functions 
bo?h as a vacuum pump and condenser, handling the vapors 
from No. 3 pan. The condensed vapors and cooling waters are 
pumped from the condenser and returned to the spray pond by 
an auxiliary booster pump. Some 7000 gal. of condensed and 
cooling waters are forced through the sprays every minute. 

The pans handle from 200,ooo to ~50,ooo gal. of raw brine and 
about IOO,OOO gal. of mother liquor per 24 hrs. This total of 
300,000 to 350,000 gal. of liquor is concentrated to about IOO,OOO 

gal. of “concentrated liquor” before being sent to the crystallizing 
house to cool. 

Fig. 8 illustrates the upper flue sheet on one of these 22-f t .  

Manistee vacuum pans. The men shown in the photograph are 
expanding the 6-ft. charcoal iron flues (2 in. in diameter) into 
the upper flue sheet of the calandria. One 22-f t .  pan contains 
some 31/2 mi. of such flues. 

FIG. 14 
This shows two of four rows of crys- 

tallizing vats. These vats are 54 it. long, 15 ft. wide, and 6 ft. deep. 
They hold 30.000 gal. of concentrated liquor. An average of 15 tons of 
crude potaPh salts is taken from each vat. There are 36 such vats in use 
for the one unit which is now operating. 

Interior of crystallizing house. 

A propeller shaft, extending through the length of the pan 
from the top of the pan to well below the calandria, and making 
30 revolutions per minute increases the circulation of the heavy 
pan liquors through the flues. Foaming is kept down by the 
addition of a medium heavy mineral oil. 

During the boiling, sodium chloride, sodium sulfate, and sodium 
carbonate are salted out. These tailing salts drop to the 
bottom of the vacuum pans and are removed by salt elevators of 
the regular Manistee type. The elevators discharge their salts 
into waste salt cones, from which they are washed away by 
water. 

Machinery is being installed by Dr. H. W, Mdrse, Technical 
Manager, by which we will recover 95 per cent of the potash 
formerly carried away by these waste salts. This will increase 
our output by some IO tons (or better) of potassium chloride 
per unit per 24 hrs. Operating under the old system this 
was previously lost to us. 

The liquor in the pans is boiled down to the point where potas- 
sium chloride begins to salt out, and is then sent to crystallizing 
vats in this condition at  a temperature of 90” to 95 

The triple-effect pans are operated with constant flow, liquor 
entering the pan next the vacuum pump (where the vacuum is 
highest and the boiling point lowest) and passing in a constant 
flow from this pan through the intermediate pan to the final 
high temperature, low vacuum pan, and from this pan to the 
crystallizing vats. 

C. 

The temperatures and vacuums are about as follows: 
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Pan 
No. 

Vacuum Temperature 
In. Deg. C .  ................. ................ .................. .................. 

4. 24.5 72 
24.5 72 3.. Of triple- 

2 21.0 86 
102 1 

Cooling and crystallization takes place in crystallizing vats 
whose dimensions are 54 x 16 x 6 ft. There are 36 such vats in 
the unit now operating, and the day’s run of hot concentrated 
liquor fills from 3 to 4 of these. The vats cool for about 8 days, 
and the liquor, now nearly at  atmospheric temperature, is then 
drained of f .  

The crystal crop is shoveled into a traveling box and is car- 
ried to a drain floor, where i t  is allowed to lie for about a week 
or so before shipment. 

The following table gives the average composition of raw 
brine, concentrated liquor, mother liquor returned to the sys- 
tem, and crude potash salts ready for shipment: 

Concen- Crude 
Raw trated Mother Potash 
Brine Liquor Liquor Salts 

8.81 7.82 10.91 NazBa 7 percent 1.50 
NanC6),’per cent. . 4.70 10.82 10.53 1.70 
NaCI, per cent. .  9.67 9.43 10.93 16.50 

2.58 2.08 0.44 NarSOa. per cent. 6.90 
14.87 10.82 66.34 KCI. Der cent . . .  4.75 . 

HzO, per cent... . . . .  ... ... 9.66 

TOTAL.. ...... 34.35 46.75 40.68 99.98 

The American Trona Corporation is producing to date some 
1800 tons of crude potash salts per month. Additional equip- 
ment, such as a nearly completed second unit together with a 
300-ton ice plant’ for refrigerating purposes and new methods 
for treating the concentrated liquor (devised under the direction 
of Dr. H. W. Morse), willenable the American Trona Corpora- 
tion to produce by the end of October some 4500 tons of potash 
salts a month, analyzing from 75 to 80 per cent potassium 
chloride and containing less than 3.5 per cent borax, figured as 
anhydrous sodium tetraborate. 

By the first of 1919 the American Trona Corporation will be 
producing some 40 to 50 tons of refined borax daily, analyzing 
99.50  per cent NazB4O7.IoH20 (crystal borax). 

- - - - 
Sp. Gr.. ........ 1.290 (30° C.) 1.384 (38’ C.) 1.362 (34O C.) 

SYMPOSIUM ON CERAMICS 
September 26, 1918 

RECENT DEVELOPMENTS I N  CERAMICS’ 
By A. V. BLBININGER 

Bureau of Standards, Pittsburgh 

* One of the most important functions of the ceramic industries 
is the supply of refractories for the metallurgical operations of 
the country, steam power plants, by-product coke ovens, gas 
plants, glass works, and many other purposes too numerous to  
enumerate here. The demand for these products has been 
enormous and has been met by the refractories industries in a 
very satisfactory manner. Although a t  times the need of No. 
I fire bricks has been greater than the production, such a con- 
dition does not exist a t  the present time, owing to the expansion 
of this branch of the industry. In many instances the extraor- 
dinary demand was caused, in part, by the unwillingness of 
consumers to use anything but No. I refractories even for pur- 
poses where lower grade products would serve equally well. 
Fire bricks of the lower refractory grades are available in abun- 
dance, especially since a considerable number of face and building 
brick plants have taken up the production of this type of ware. 
One of the urgent needs in this connection is the establishment 
of a classification and specifications for the several grades of clay 
refractories. This task is being undertaken at  the present time 
by the War Industries Board. The work of standardizing the 

1 The equipment in this refrigerating unit consists of three 100-ton 
De La Vergne ice machines, driven by three Corliss engines of 300 h. p. 
each. 

2 By permission of the Director of the Bureau of Standards. 


